Introduction
nephritis in two patients, diabetic nephropathy in five, volume, P PAH =PAH concentration in the plasma, and t= time of the clearance period. nephrosclerosis in nine, polycystic kidney disease in three, and contracted kidneys in two patients. All patients were For both measurements, the first h of infusion was used to reach a steady state followed by two 30 min clearance hypertensive and received as antihypertensive medication either isradipine or spirapril, or a combination of the two. periods. The patients were in a resting supine position during infusion. Urine was collected by free voiding. The patients were recruited from a longitudinal trial evaluating the influence of the above-mentioned antihypertensive
The renal blood flow (RBF ) and the filtration fraction (FF ) were calculated as: drugs on the progression in chronic renal failure (the IS study). Before entering this Doppler study the antihypertens-RBF=ERPF/(1-HCT) ive treatment had been kept constant for at least 3 months. and The antihypertensive medication was kept constant during the study, allowing only changes in diuretics during the FF=GFR/ERPF study. The patients received either 5 mg of isradipine, 6 mg where HCT=haematocrit. of spirapril, or a combination of 2.5 mg of isradipine and Renal vascular resistance ( RVR) was calculated as: 3 mg of spirapril. Thirteen patients received diuretics, and six patients also received labetalol to keep blood pressure RVR=79680×(MAP-12 mmHg)/RBF suÃciently low. In only four patients were the doses of where 79680 is a factor for converting mmHg to dyn/cm2, diuretics changed during the study.
and ml/min to cm3/s, MAP=mean arterial blood pressure. The study was approved by the local ethics comittee, and A constant renal venous pressure of 12 mmHg was assumed. all participants gave informed consent.
Serum and urine level of creatinine and urea were measured by an autoanalyser ( Technicon SMAC 3, Tarrytown, NY,
Methods

USA).
Clearance of creatinine (C Cr ) and urea (C Ur ) were calculated No antihypertensive medication was given on the days of as: the examinations. All patients underwent 99mTc-DTPA (diethylenetriaminepentaacetate) renography and ultrasound C Cr
examination of the kidneys before entry to the study to and exclude subjects with renal artery stenosis or postrenal
. The pulsed-wave Doppler examinations were performed by an Acuson 128XP, using a 3.5 MHz where U Cr =concentration of creatinine in the urine, V u = transducer during a duplex scan. The Doppler frequency was urine volume, S Cr =serum creatinine, t was 24 h, U Ur = 5 MHz. The patients were examined in the supine position concentration of urea in the urine, and S ur =serum urea.
after at least 30 min of rest during the period of constant All parameters of renal function were measured every 3D infusion of 51Cr-EDTA. The kidneys were examined by months. All patients were followed for 18-21 months. ultrasound from a lateral lumbar window. Measurements Progression of renal disease was estimated by linear regreswere performed at the level of the segmental arteries in the sion with a GFR estimate as the dependent variable and hilus area. At least three measurements were done in diÂerent time as the independent variable. Furthermore, progression segmental arteries in each kidney. The PI and the RI were was also estimated by linear regression of reciprocal serum computer estimated by the Acuson software. The PI and the creatinine versus time. RI were calculated as:
All parameters of renal function and haemodynamics were PI=(PSV-MDV )/MV corrected to a standard surface area of 1.73 m2.
and
Statistics
RI=(PSV-MDV )/PSV
where PSV=peak systolic velocity, MDV=minimum dia-Covariation was expressed by a multiple regression analysis stolic velocity, and MV=mean velocity (time averaged vel-by the least-squares method. Statistical comparisons between ocity). Doppler measurements were performed at baseline of groups were made with a two-sample t test. A two-sided 5% the study after at least 3 months of constant antihypertensive level of significance was used. Results are given by the mean treatment. values and ranges. GFR was calculated from the clearance rate of 51Cr-EDTA during constant infusion:
where U EDTA =51Cr-EDTA concentration in the urine, V u = Doppler measurements were succesful in all patients urine volume, P EDTA =51Cr-EDTA concentration in the plasma, and t=time of the clearance period. The factor 1.1 except one in whom only RI was possible to calculate. compensates for the underestimation of GFR by the EDTA None of the patients suÂered from cardiac arrythmias clearance method [19] . GFR was always measured at the that could influence the Doppler flow velocity measuresame time in the morning, as this parameter has a high ments. The mean heart rate was 74 beats per minute degree of diurnal variation [20, 21] .
(range 60-90).
EÂective renal plasma flow (ERPF ) was calculated from
The mean baseline PI was 1.57 (median 1.55; range the clearance rate of paraaminohippuricacid (PAH ) during 1.02-2.15) and mean baseline RI was 0.76 (median constant infusion: 0.75; range 0.64-0.87).
Progression of renal failure was estimated by the rate of decline in GFR, creatinine clearance, urea where U PAH =PAH concentration in the urine, V u =urine clearance and reciprocal serum creatinine. Covariation rocal serum creatinine (coeÃcient −0.669) and age (coeÃcient 0.003) (r=0.68; P=0.004). between the Doppler indices and the diÂerent measures of progression in renal failure was expressed in a Furthermore, the patients were separated in two groups by either the median baseline PI or RI. multiple regression analysis. In this analysis only progression estimated by reciprocal serum creatinine was Diagnoses of the diÂerent subgroups are shown in Table 1 . Baseline characteristics of the patients in the significantly correlated to PI and RI ( PI: r=−0.48; P=0.03 and RI: r=−0.52; P=0.02) (Figure 1 ). RI diÂerent subgroups are listed in Table 2 . Patients with a high RI were older than patients with a low RI, only was significantly correlated to the age of the patients (r=0.49; P=0.02), but PI was not (r=0.42; P=0.07). a trend was present regarding PI (Table 2 ) . No diÂer-ence was present in other baseline characteristics The age was not correlated to progression estimated by reciprocal serum creatinine (r=−0.09; P=0.70) or (Table 2 ). The patients with high baseline PI had a significantly faster progression measured by the rate to progression estimated by other methods. In a new multiple regression analysis PI could by described from of decline in reciprocal serum creatinine than the patients with PI lower than the median value (−0.063 progression estimated by reciprocal serum creatinine (coeÃcient −2.990) and age (coeÃcient 0.011) (r= l/(mmol×1.73 m2×month) versus −0.020 l/(mmol ×1.73 m2×month), P=0.04 ). When separating the 0.61; P=0.02). RI could also be describe in a multiple regression analysis by progression estimated by recip-patients into two groups by the median baseline RI, patients with high baseline RI also had a significantly faster progression measured the reciprocal serum creatinine than patients with low RI (−0.065 l/(mmol ×1.73 m2×month) versus −0.017 l/(mmol×1.73 m2 ×month), P=0.02) in patients with baseline RI lower than median value.
Discussion
Studying PI and RI in patients with chronic renal failure we found that a PI higher than 1.55 or a RI higher than 0.75 was associated with a faster decline in renal function evaluated by the reciprocal serum creatinine. Although patients with high indices tended to be older than patients with low indices, the faster progression could not be explained from diÂerence in age as no significant covariation between age and progression was found. Furthermore, we found a significant correlation of PI and RI to the progression of renal failure evaluated by reciprocal serum creatinine. The indices also depended on the age of the patients, and in the multiple regression analysis both indices were significantly correlated to progression and age. To our knowledge similar results have not been demonstrated previously. We have previously demonstrated correlations between renal haemodynamics and the Doppler indices, suggesting that PI and RI are associated with the severity of renal disease [5 ] . The indices are calculated from the blood flow velocity during systole and dia- Fig. 1 . Pulsatility index and resistive index plotted against the rate of decline in reciprocal serum creatinine in patients with chronic renal failure.
PI, pulsatility index; RI, resistive index. stole, and a high index is associated with a high PI and RI are new parameters reflecting renal haemodynamics. Although the exact information given diÂerence in velocity between the systole and the diastole. DiÂerences in flow velocities reflect down-by these indices is still unknown, the indices in the present study correlated to the severity of the renal stream resistance, which could at least in part depend on the degree of arterial stiÂness. But also functional disease, measured as the rate of decline in reciprocal serum creatinine during antihypertensive treatment. Of changes like angiotensin II infusion [6, 7] or vasoconstriction due to hepatic failure [22 ] may raise the great interest is the question of whether changes in progression will be reflected by similar changes in the indices without a morphological pathology. Other studies evaluating RI in chronic renal failure Doppler indices. To answer this question further intervention studies are needed. have demonstrated a correlation of this index to the level of serum creatinine [16, 17] . Furthermore, RI has been found to be normal in renal disease limited to the glomeruli [17] , which is not in concordance with References the present study and a previous study from our group 
